Background: Intravenous immunoglobulin (IVIG) is a pooled human plasma protein that has shown efficacy in treating a variety of disorders. IVIG is generally well tolerated and has a good safety profile. There are various IVIG products available on the market, which results in differences in efficacy and safety profile. The aim of this study was to assess the safety profile of IVIG use in pediatric patients and its association with other predicted factors. Methods: Retrospective chart review study of all pediatric patients who received IVIG as an inpatient at Hamad General Hospital in Qatar during 2014. The occurrence of adverse drug reactions (ADR) was tested for any association with other predicted factors, such as patient age, IVIG dose, brand, and adherence to infusion protocol. Results: A total of 345 IVIG prescriptions were received by pediatric patients during the study period. Most common documented side effects were: fever (5.8%), chills (2.6%), and headache (2%). Renal insufficiency was observed only in six cases, with five of those in 'Risk' category according to RIFLE criteria. A hypersensitivity reaction was documented in seven patients, despite being premedicated with paracetamol and/or diphenhydramine and following the infusion protocol. None of the predicted factors were found to be significantly associated with ADR incidence except IVIG brand. Conclusions: IVIG generally has a good safety profile in pediatric patients, with low risk of severe ADR. More studies are needed to evaluate the correlation between ADR and IVIG formulation, taking into account other factors that may affect results.
Introduction
Intravenous immunoglobulin (IVIG) is a pooled human plasma protein that has shown efficacy in treating a variety of disorders. 1, 2 The demand for IVIG is increasing steadily worldwide, and its used has evolved dramatically in the last few years, especially in pediatric patients. 3 IVIG is generally well tolerated and has a good safety profile; however, its use carries the potential risks associated with all blood products. 4, 5 Adverse drug reactions (ADR) of IVIG infusion range from 3% to 15%, and are usually mild, self-limiting, and can be avoided by decreasing the rate of infusion. 6 Thus, IVIG should be administered according to the administration protocol to avoid infusion-related side effects. Examples of IVIG adverse effects include abdominal pain, nausea, chills, rhinitis, low-grade fever, myalgia, and headaches. 1, 6 More serious adverse events can occur during or soon after infusion: anaphylaxis/ hypersensitivity reactions, cardiovascular events, hemolysis, and renal toxicity. 6, 7 Although infectious complications have not commonly occurred, cases of hepatitis C infection associated with IVIG have been reported. 8, 9 journals.sagepub.com/home/taw Therapeutic Advances in Drug Safety 10 In 2014, over 25 IVIG preparations/brands were available worldwide and approved by various regulatory bodies. 7 The various IVIG products differ in a number of ways, including IgG subclass distribution, antibody content, approved maximum infusion rate and sodium/sugar content. The characteristics of the various products may result in differences in efficacy and safety, which may have a significant impact on the choice of product for some patients. 7, 10 Two studies reporting the safety profile of IVIG found some differences in the incidence of ADR among different brands used. 11, 12 Unfortunately, the brands used in these studies were different from those available here in Qatar (except for Octagam ® ). In addition, there are no previous reports of ADR incidence with IVIG in pediatric patients in Qatar. Accordingly, and because safety data for use of IVIG in pediatric patients is scarce, this study was conducted.
The primary objective of this study was to assess the incidence of ADR associated with IVIG administration in pediatric patients. The secondary objectives of the study were to: determine the incidence of acute renal insufficiency associated with IVIG in pediatric patients and its severity/ stages, examine the association between ADR and IVIG brand used, and investigate association between ADR and adherence to infusion protocol or other patient variable.
Methods

Study design and patients
This was a retrospective chart review study assessing the safety profile of IVIG in pediatric patients in Qatar. The pharmacy computer system was used to identify and generate a list of patients who received IVIG during 2014. All pediatric patients who received IVIG at Hamad General Hospital (HGH) during 2014 were initially included. Hamad General Hospital was chosen as it was the main tertiary hospital in Qatar providing IVIG for pediatric patients at that time. The patient list generated was screened to remove any duplicates. Patients had to fulfill both of the following criteria to be included in this study: pediatric patients (<14 years as per HGH policy definition), received IVIG in the period between 1 January 2014 and 31 December 2014. However, patients with unavailability or failure to access medical records for any reason were excluded. As some patients received IVIG multiple times during that year, safety profile was evaluated for each time separately. Thus, our research unit was set as 'prescription' rather than 'patient'.
Procedure
A well-structured data collection sheet considering the research study design and objectives was designed to collect all required data. Medical records solely of identified patients were examined. We reviewed both physicians' and nurses' notes, medication prescriptions, medication administration charts, and any other documents in the patient's file to complete the required data. Required information included: patient demographics (age, sex, and weight), indication for IVIG administration, dosage regimen, IVIG brand used, administration of premedication, adherence to infusion protocol, and occurrence of any adverse reactions. Adherence to infusion protocol was determined mainly based on the nurse's documentation. If the nurse documented the correct infusion rate, or mentioned any statement indicate following the infusion protocol (i.e. 'IVIG was infused based on the infusion protocol', 'infusion protocol was followed') it was considered as adherence to infusion protocol. ADR was defined and counted as follows:
(1) Fever: temperature >38.5 within 24 h of IVIG administration; (2) Thromboembolic disease (TED): documented deep vein thrombosis (DVT)/ pulmonary embolism (PE) within 28 days of IVIG administration 4 ; (3) Renal insufficiency: a decrease in the renal function occurred within 10 days of IVIG administration, 13 classified according to RIFLE (Risk, Injury, Failure, Loss of kidney function, and End-stage kidney disease) criteria. 14 Potential confounders of renal failure were recorded, including the use of nephrotoxic medications, the presence of hypotension, and the use of intravenous contrast dye for imaging; (4) Hypotension: reduction in the blood pressure less than normal range for age during IVIG administration; (5) Anaphylaxis: sever hypersensitivity reaction occurred within IVIG administration that required cessation of IVIG infusion and administration of medication to save life.
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Other ADR were assessed mainly clinically/subjectively, and there was no means other than documentation to confirm/detect such ADR. These ADR (nausea, vomiting, headache, chills, and myalgia) were counted only if documented as occurring within 24 h of IVIG administration. Occurrence of ADR (present or not) was then tested for any association with other factors, including patient age, gender, diagnosis, IVIG dose, IVIG brand, premedication use, and adherence to infusion protocol.
Ethical considerations
This study obtained approval from the Hamad Medical Corporation-Medical Research Center (HMC-MRC) in Qatar. Data quality control (review of completeness, data verification and accuracy, security, and confidentiality of data) was performed and maintained by lead research investigators. All patient information was kept confidential in a password-protected computer, and could be accessed only by study research investigators.
Statistics
Categorical and continuous values are expressed as frequency (percentage) and mean ± SD as appropriate. Data analysis and presentation are primarily descriptive. Associations between two or more categorical variables were assessed using Chi-square test and Fisher exact test as appropriate. All p values presented are two-tailed, and p values <0.05 are considered statistically significant. All statistical analyses were done using statistical packages SPSS 22.0 (SPSS, Inc., Chicago, IL, USA).
Results
IVIG prescriptions
A total of 1065 IVIG prescriptions were initially identified using the pharmacy computer system. After removing duplications and adult prescriptions, IVIG prescriptions for pediatric patients numbered 348. Reviewing the patients' related records excluded another three IVIG prescriptions as IVIG was discontinued before being received by these patients. The final number of IVIG prescriptions included was 345, which were prescribed and received by 120 pediatric patients during the study period (i.e. 2014). Among patients, IVIG was utilized equally between male and female patients (51.9% and 48.1%, respectively). Patient age ranged from 20 days to 14 years (median 7 years). IVIG infusion protocol was followed in 84.1%. Around half of the IVIG prescriptions (52.8%) were not preceded by administration of premedication. However, when premedication was prescribed, diphenhydramine was the most common medication used. Five brands were available and used during the study period. Privigen ® and Intratect ® were the most common IVIG brands used, and accounted for 79.8% of IVIG prescriptions. Table 1 summarizes the data of included prescriptions.
Adverse effects
IVIG was found to have a good safety profile, with IVIG infusions completed with no reaction or documented ADR in 88.1% of cases (304/345). Some patients had more than one documented ADR associated with the same IVIG infusion. The most commonly documented ADR was fever (5.8%), followed by chills (2.6%), vomiting (2.6%), and headache (2%). A hypersensitivity reaction was documented in seven patients, despite the fact that they were premedicated with paracetamol and diphenhydramine and received IVIG according to the infusion protocol. Other adverse reactions are reported in Table 2 .
The incidence of renal insufficiency associated with IVIG administration seemed to be low, as only six cases (1.7%) developed renal insufficiency. Five out of the six patients who developed renal insufficiency were in the 'Risk' category according to RIFLE criteria. All patients who developed renal insufficiency had at least two confounding factors (mainly use of other nephrotoxic medications) that may also have affected their kidney function. The IVIG doses for patients who developed renal insufficiency were within normal range, ranging from 0.34 to 2 gm/kg.
Correlation of ADR with other factors IVIG brand.
Hypersensitivity occurred only in patients received IVIG of the brands Intratect ® and Privigen ® . There was a statistically significant difference in overall ADR incidence between different IVIG brands used (p < 0.0001). Generally, it was noticed that Octagam ® and Gammaplex ® were associated with fewest ADR compared with other brands (Table 3 ). However, we should keep Therapeutic Advances in Drug Safety 10 in mind that, beside the formulation/brand being used, the patient's clinical condition, diagnosis, concurrent medications, and other factors can greatly affect the incidence of ADR.
Adherence to infusion protocol. Higher ADR incidence was associated with nonadherence to IVIG infusion protocol (infusion rate) compared with adherence to infusion protocol, although this was not statistically significant (19.3% versus 11.7%, p = 0.264). No documentation of infusion protocol used was found in the patients' medical records for 37 IVIG prescriptions ( Figure 1 ).
Patient variability. Other patient information was tested for association with ADR, including age, gender, diagnosis, IVIG dose, and premedication use. None of the these factors was found to be significantly associated with ADR incidence. However, Pentaglobin ® 6 (1.7) *There were six IVIG prescriptions ordered for unknown or with no clear indication documentation. $ Some patients received more than one premedication at the same time, so sum will not add up to 100%. ADME, Acute disseminated encephalomyelitis; FDA, United States Food and Drug Administration; GBS, Guillain-Barré syndrome; HLH, hemophagocytic lymphohistiocytosis; ITP, idiopathic/immunemediated thrombocytopenic purpura; IVIG, intravenous immunoglobulin.
(Contiuned) ADR seems to be linked to high IVIG dose, as patients who developed ADR received IVIG with mean dose of (1.3 gm/kg) while the mean dose of patients without ADR was (0.78 gm/kg).
Discussion
The aim of this study was to describe the safety profile of IVIG in pediatric patients at HGH during 2014. There are very few published reports on the in depth safety profile of IVIG in pediatric populations. Our findings showed that IVIG is well tolerated and has a good safety profile in pediatric patients, with an ADR incidence of 11.9% among 345 IVIG infusions. This result is very similar to the ADR incidence (11%) reported in multicenter surveillance of IVIG use in US academic health centers. 15 Additionally, our findings are also consistent with the range of systemic Therapeutic Advances in Drug Safety 10 ADR, which has been reported to range from 3% to 15%. 7 On the other hand, this incidence is much lower than that found in a study in an academic medical care in Iran that reported the occurrence of ADRs in 45.8% of infusions, which was attributed by the authors to the nurses' negligence of the infusions protocols, brands used, and population sensitivity. 16 Furthermore, one study in a Pediatric Intensive Care Unit (PICU) described ADRs of 38.8%, a higher prevalence than our findings that could be explained by the nature of PICU patients and their comorbidities. 1 Similarly, recent comparable studies have shown higher ADR incidence (25.2% and 48%) due to IVIG infusions in pediatric patients. 11, 12 This difference could be due to the big difference in patients' characteristics, IVIG indications, and IVIG brands used. For example, in our study, around 60% of IVIG infusions were used for primary immune deficiency (PID), while in the cited studies, only 7% received IVIG for PID indication.
In terms of the severity of the ADRs, mild and nonanaphylactoid reaction (typically fever, chills, vomiting, and headache) were more prominent in this study than other severe ADR (hypersensitivity and renal insufficiency), which is compatible with data from a previous review and another, similar, study. 7, 16 Renal injury associated with IVIG administration was reported in only one study of adult intensive care unit (ICU) patients, where it occurred in 81% of patients, with 21% requiring renal replacement therapy. 4 Only 10% of the patients who developed renal injury had no obvious concurrent renal insult other than IVIG. 4 In our study, only 1.6% had renal injury, of whom all in an ICU and had other factors affecting kidney function.
Different factors are believed to be associated with development of ADR. 6 In our study, although not statistically significant, adherence to infusion protocol seems to decrease the frequency of ADRs in comparison with nonadherence. This was also confirmed in one study where three out of six patients who developed ADRs was able to complete the course of IVIG infusions after changes in IVIG infusion regimens. 16 As the rate of infusion can influence the occurrence of adverse reactions, slow infusion rates with gradual stepwise increases are suggested by all IVIG drug manufacturers. 7, 10 In our institution, there is an administration protocol that should be followed for all patients receiving IVIG.
Because different IVIG preparations have different properties (e.g. product osmolality, sugar content, and IgA content), choice of IVIG preparation should be considered carefully as it could influence the incidence of ADR. 17 Among the various IVIG preparations available locally, Privigen ® was the most frequently used brand, and showed a good safety profile after Octagam ® and Gammaplex ® . Studies reporting the incidence of ADR associated with IVIG infusion in pediatrics used IVIG brands different from those available in Qatar 11,12 except for Octagam ® . In our study, we found no ADR associated with Octagam ® infusion, while in another study, incidence of ADR with Octagam ® was 9.5% (11/115). 12 Of note, these results should be considered in the light of the difference in ability to tolerate IVIG infusion without experiencing adverse effects between one patient and another, patient clinical condition, concurrent medications, and other factors that could also affect ADR incidence beside the brand being used. 17 Unfortunately, no previous study has previously tested or reported a correlation between IVIG brand used and incidence of ADR. Only one study that did mentioned the IVIG brands used stated that there was no statistical difference between the two available brands regarding adverse events causation; however, it did not mention which brands had been used and tested. 1 In fact, the nature of IVIG, as a biological product derived from blood products, would lead to the expectation of some adverse reactions despite appropriate precautions and administration techniques. 6, 17 Limitations of our study were mainly due to its retrospective file review design, with all associated disadvantages of this study type (e.g. missing information, poor documentation, etc). However, this study is the first to report the incidence of renal failure associated with IVIG in a pediatric population, and to test for correlation between different factors and the incidence of ADR.
Conclusion
IVIG therapy is well tolerated in pediatric patients, with a good safety profile apart from mild ADRs that can occur with its administration. Renal insufficiency is rare and occurred only when patienst had other risk factors. Although none of the tested variables was found to be associated with ADR except IVIG brand, a further
